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A Versatile Minidisc Module for a Centrifugal Analyzer
B. W. Renoe, R. P. Gregory IV, J. Avery, and H. V. Malmstadt1
We have developed a centrifugal minidisc module, which extends the versatility of the centrifugal analyzer system with respect to radiation sources, wavelength selectors, radiation detectors, and the analysis performed by the system. The motor, brake, power supply, and control circuitry for the sample/reagent minidisc unit has been repackaged in a compact module, which is easily attached to an optical reference base. Appropriate wavelength selectors, source, and detector modules can then be easily aligned with the minidisc module. Use of a programmable ultraviolet-visible monochromator can provide the automated wavelength selection necessary for application to simultaneous multi-type analyses. Design features of the centrifugal minidisc module are presented, and its versatility is illustrated.
AddItional Keyphrases: improved instrumentation #{149} mechanized analysis
Miniature centrifugal analyzers have been introduced and developed by the Molecular Anatomy group at Oak Ridge National Laboratory (1) (2) (3) (4) .
In these analyzers a tungsten source is used, with filters for manual selection of the wavelength. To gain flexibility in wavelength selection, with respect to both source and detector considerations, we have repackaged the basic components of the miniature centrifugal fast analyzer into a very versatile "minidisc module." This module can be used along with other commercially available modules to provide several manual or automated instrument configurations with the characteristics necessary for specific applications. The new module can be used with a tungsten source, a filter for wavelength selection, and a photomultiplier tube detector module to provide a system comparable to the ope reported by Burtis et al. (5) . Use of Department of Chemistry, School of Chemical Sciences, University of Illinois, Urbana, Ill. 61801.
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Instrumentation

The Minidisc Module
The minidisc module consists of a sample cell module (Model EU-701 -11; GCA/McPherson, Acton, Mass. 01720), which is modified to house the rotor holder, motor, brake, and control circuitry of the miniature Fast Analyzer (2, 5) . See Table 1 Figures 1 and 2 . The rotor holder, motor, brake, timing/indexing head, and necessary folding mirrors are located in the front half of the module. The rear portion contains the motor power supply, control-circuit board, speed controls, and tachometer readout for rotor speed. The location of these components is illustrated in Figures 1 and 2 .
As Figures   1 and 2 show, the centrifugal parallel mixing system has been retaine#{228}, with use of basically the same rotor holder, motor, and brake as previously reported (2, 3, 8) . It was necessary to combine the cuvet and rotor heads (2) 
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Machined from raw stock Use of this interruptor circuit eliminates interference with the timing and indexing functions caused by incident visible room light. Normally the module is operated with the top cover in place, so that this immunity from room light is not at present too significant.
The power supply, located in the rear of the module ( Figure 2) consists of a transformer, rectifier bridge, and filter capacitors to yield a 28-V dc supply (8 then possible by electrical access through the jacks on the rear of the module (6, 7). There are also jacks to provide for connection of ground, +5 V, +15 V, and -15 V, to power the light-emitting diodes, pho-
totransistor timing/indexing circuits, and the motor brake-control circuitry. In order to mount the rotor holder, motor, brake and timing/indexing head in the front half of the module, it was necessary to restructure the box to accept a motor mount, and the folding mirrors ( Figures  1 and 2 ). The bottom of the sample module must be extended to contain the length of the motor/brake assembly. This is easily done by attaching a small lighttight box to the bottom panel of the module.
Special attention is directed to the folding mirrors pictured in Figure 2 and shown schematically in Figure 4 . It is necessary to direct the light in this manner to maintain the horizontal position of the rotor, and the optical path of the modular spectrometer system. The mirrors are optically flat to X/4 of the sodium line and front surfaced to allow their use throughout the ultraviolet-visible-near infrared regions. The light is first folded upward to pass through the spectroscopic cuvet by mirror a, then across the module by mirror, b, and brought back into the optical path (and the detector module) by mirrors c and d. The module can be easily placed on the fixed optical instrument base, and a variety of sources, wavelength selectors, and detectors utilized. Thus, the modular approach can lead to extended versatility for the Centrifugal Fast Analyzer System.
Instrument Systems
For clinical laboratories, indeed for analytical laboratories in general, it *ould often be very desirable to have a centrifugal analyzer capable of a short turnaround time for data, useful throughout the ultraviolet and visible regions, and flexible enough to move easily from routine analytical chores, to experimental methods development, and to simple modular instrumental modifications which meet the needs of a new analytical procedure.
With the use of the minidisc module and other modular functional blocks, these needs can be met. The following three instrument configurations, which incorporate the new minidisc module, provide illustrations of this flexibility. A filter centrifugal spectrometer can be constructed by adding a standard source module with a filter wheel and a photomultiplier module to opposite sides of the minidisc module, as shown in Figure 5 . Such an instrument can then perform the same analytical functions as those previously described (1, 2, 5, 6) when coupled with the appropriate measurement/readout system (6, 7) . It incoporates all fundamental functional blocks, including: (a) light sourcesboth tungsten filament and deuterium discharge lamps are contained in the light source module; (b) wavelength selectors-the filter wheel will accommodate four 2.5-cm square filters; (c) sample containers-17 cuvets with approximately 0.5-cm pathlengths are in the plastic rotor; and (d) detector-a 1P28 photomultiplier
tube. An instrument capable of narrowbandpass radiation can be constructed by insertion of an ultraviolet-visible-near infrared monochromator In the configuration shown in Figure 5 , the spectrometer can be used throughout the visible region with the tungsten-filament lamp in the source module. We are presently limited to the visible region of the spectrum by transmission characteristics of the window material used to fabricate the analytical rotors (2). However, a quartz window rotor is being developed for the ultraviolet region. It will be useful to 180 nm, because a deuterium discharge lamp is available in the source module. The photomultiplier module has been used exclusively with the present simple spectrometer, but other detectors are being investigated that could simplify the design. The simple analyzer configuration in Figure 5a can be used with the choice of the proper filters to perform the routine analytical chores.
The spectrometer configuration shown in Figure  5b has become, through the addition of a scanning ultraviolet-visible-near infrared monochromator, a much more versatile instrument.
The narrow bandpass of the radiation incident upon the sample cuvets leads to better resolution of overlapping absorption bands, thus allowing for different types of analyses at two wavelengths close to one another. for the reference cuvet (cuvet number 1 on the rotor) can then be used to test for required magnitude of the photomultiplier current. If the current is not within the desired range, the photomultiplier voltage can be changed to bring the readout into the desired range. The slit width and light-source voltage can also be adjusted to maintain this readout within the desired range. The computer is also programmed to print out the absorbance value from the sample cuvets so that decisions on the optimum absorption wavelength for the method can be made in a similar manner. This system has been tested for glucose determinations.
A second centrifugal analyzer system, which utilizes a high-speed data processor as an alternative to the minicomputer, has also proven useful (7). This system can perform the same functions as the minicomputer system, with all control functions, analyzer sequencing, and data manipulations being performed by the data processor (7) .
Results
The minidisc centrifugal analyzer system was checked for its ability to provide accurate and precise should thus yield relative absorbances of unity for all cuvets.
The data in Table 2 show that the minidisc centrifugal analyzer with monochromator, as shown in Figure 5b, The ratios of the absorbances for the three solutions showed a variation of 0.5% between the two instruments.
Glucose Analysis
Glucose was determined in blood serum with glucose "Stat-Pack" kits (Calbiochem, San Diego, Calif. 92112) in which the hexokinase method is used. The Stat-Pack reagents were dissolved in 4 ml of water, and the sera were diluted 10-fold with water. 
